INTRODUCTION
analysis of geographic patterns in relation to demographic and industrial characteristics revealed significant correlations between four industries, i.e. paper, chemicals, petroleum, and transportation, and elevated lung cancer mortality.9) In Fukuoka Prefecture cancer mortality in cities, towns, and villages for 1971-73 was calculated by the present authors, and geographic distributions were studied.10) Lung cancer pattern showed clustering of high rate cities and towns in the Chikuho district which was one of the biggest coal-mining areas in Japan. Relations of occupations to the lung cancer pattern in Fukuoka Prefecture were examined. Numbers of employees by occupation were taken from census reports. [13] [14] [15] [16] [17] For 1970 the occupation statistics in each city were given in medium groups of occupation but for the other census years the statistics were given only in major groups. Therefore, numbers of construction workers before 1970, which are not available in major occupational groups, were taken from statistics of industry in major groups.
Methods
Average annual death rates from lung cancer per 100,000 population were calculated by cities, towns, and villages in Fukuoka Prefecture as well as for all Japan for 1971-73. The rates were standardized by the indirect method taking the total population of Japan by sex in 1950 as a standard. Maps of cancer mortality in cities, towns, and villages in Fukuoka Prefecture were drawn with standardized mortality indices (SMI) denoting the standardized death rate (SDR) for 
RESULTS
Regional difference of lung cancer mortality in Fukuoka Prefecture for 1971-73 The SDR of lung cancer for males in Fukuoka Prefecture is 16% higher than that of all Japan and is always counted in the highest 5 in ranking among 47 prefectures. The SDR for females is less than a half of the males' but is 24 % higher than all Japan.
Regional difference of lung cancer mortality for males is mapped in Fig. 1 in 5-rank classification by SMI. In general, lung cancer mortalities are higher in the urban districts than in the rural Table  1 , and correlation coefficients are given in Table 2 . Among 7 selected occupations statistically significant correlations with lung cancer mortality are observed in 4 occupations, mining and quarrying, transportation and communications, leather and leather products, and construction. However, for the other occupations, i.e. metal material and metal processing, printing and bookbinding, and chemical producing no correlations to lung cancer rates are observed.
In comparison, correlations of those occupations to stomach cancer mortality were examined, but none of those occupations showed a significant correlation at all as seen in the right column of Table 2 .
3. Probability of observed frequencies of cities and boroughs with high lung cancer rates For 4 occupations shown in Table 3 , frequencies of cities and boroughs with high lung cancer rates were compared between those with large percentages of the occupation and the other city group. Leather and leather products occupations, though significant correlation existed, was not examined because percentages of the occupation in most cities were too small to be examined (Prefectural average of percentages of workers employed was 0.08). Probabilities of observed frequencies calculated by Fisher's method were given in Table 3 . Significantly high frequencies of cities and boroughs with high lung cancer rates are observed for mining and quarrying and for construction.
For the other two occupations, metal material and metal processing, and transportation and communications, the probabilities indicate that the observed frequencies are within chance variation. 1950, 1955, 1960, and 1965 . The results of the correlation study are given in Table 4 . For mining and quarrying significant correlations with lung cancer rates for 1971-73 are observed in every census year. For the other 2 occupations, for which although significant correlations are observed in 1970 data, no significant correlations are found except for construction in 1965. However, before 1965 construction correlates negatively to the present lung cancer rates.
Relations to the past occupations Development of clinical cancer is said to take
Probability studies were also done for the 3 occupations but there were no cities with high lung cancer rates among those with large percentages of transportation and communications and construction for all the census years examined, except construction in 1965 (p=0.087).
The probabilities for mining and quarrying occupations in each census year, as shown in Table 5 , are rather smaller than that in 1970, and indicate increased frequencies of high rate cities among those with large percentages of the occupations.
The results of both correlation and probability studies suggest that the past occupational situation of mining and quarrying appears to have closer relation to the present lung cancer rates than the present situation.
Relations in 1955
For 1955, lung cancer mortality data by cities in Fukuoka Prefecture are available in the Special Vital Statistics Report. SDR by cities were calculated after an adjustment for the 1970 administrative boundaries of the cities. Relations of the 3 occupations to lung cancer rates in 1955 were examined with correlation and probability as were done for 1970 data. The results are given in Table 6 .
Significant correlation is found between mining and quarrying occupations and lung cancer rates, but the probability of the observed frequency of high lung cancer cities is 0.097. On the other hand, for transportation and communications correlation coefficient is not large enough to be significant but probability is found less than5% (p=0.047).
For construction both correlation and probability are not significant.
DISCUSSION AND COMMENTS
Geographic pattern of lung cancer mortality in Fukuoka Prefecture showed evident clustering of high rate cities and towns in the Chikuho district where many coal-mines had been operated in the past as one of the biggest coal-mining areas in Japan. In the correlation and probability studies among 20 cities and boroughs in the prefecture, consistently significant correlations were observed between lung cancer mortality for 1971-73 and percentages of workers employed in mining and quarrying occupations in every census year after World War II, and significantly increased frequencies of cities with high lung cancer rates were found for the occupations as well. For the other occupations no consistent relations to lung cancer rates were found in either correlation or probability study. It appears that elevated mortality rates for lung cancer in the Chikuho district suggest etiologic relations of mining and quarrying occupations.
However, interpretation of such relationship as was observed in this study must be done with caution. Mortality data of this study are based on those for 3 years of 1971-73 and populations at risk do not seem to be enough for such an analysis by city, town, and village, but limiting to the city level, populations of which are usually more than thirty-five thousands, it appears that the analysis is not always impossible.
Geographic difference of lung cancer rates is known to relate to demographic variables, such as industrialization, urbanization, and socioeconomic status. As to industries, heavy and chemical industries converged in Kitakyushu City and few in the Chikuho district. Demographically, the Chikuho district is rather rural and low in socioeconomic status compared with Kitakyushu, Fukuoka, and most other cities in the prefecture. Cigarette smoking, the most important risk factor of lung cancer, is to be considered. Unfortunately, however, no report exists on smoking habits in cities and towns in the prefecture but it does not seem that differences in smoking habits, if any, accounts for the observed clustering of high rate cities in this study because cigarette smoking, in general, is more prevalent in urban and in high socioeconomic status than in rural and in low socioeconomic status in Japan. 19) Though increased mortality among mining and quarrying occupations was reported, the coalmining itself has not been linked to lung cancer.
However, there were no particular mines related to known occupational carcinogens in the Chikuho district.
The observed clustering suggests coalmining occupations may have a sizeable influence upon lung cancer and deserves further analytical studies.
